Background There has been limited research addressing changes in subjective well-being as a result of quitting smoking. Purpose The purpose of this study was to use longitudinal data to determine the relation between smoking cessation and subjective measures of well-being, including global quality of life (QOL), health-related QOL (HR-QOL), affect, relationship satisfaction, and stressor occurrence. Methods As part of a randomized, placebo-controlled smoking cessation trial, 1,504 participants (58.2% women, 83.9% white) completed assessments and had their smoking status biochemically confirmed at baseline and years 1 and 3 post-quit. Results Compared with continuing smokers, quitters showed improved global QOL, HR-QOL, and affect at years 1 and 3 and fewer stressors by year 3. Smoking status did not influence marital relationship satisfaction. Conclusions Successful quitters, in contrast to continuing smokers, reported improved subjective well-being, which could be used to motivate quit attempts by individuals with concerns about what life will be like without cigarettes.
Introduction
The dangers of smoking and the beneficial effects of smoking cessation on health are well established [1] . However, less is known about how quitting smoking affects quality of life (QOL). Smokers report various reasons for wanting to smoke, such as coping with stress and cravings, social facilitation, and improving mood [2, 3] . Furthermore, smokers report concerns about the effects of quitting smoking such as gaining weight, decreased ability to cope with stressors and negative affects, social ostracism, loss of pleasure, and intense cravings [4, 5] . Such findings raise questions about how quitting vs. continued smoking actually affects general mood, perceived health status, life satisfaction, and quality of life in the long term-once the effects of withdrawal have dissipated. Increases in subjective well-being may be as important or relevant to smokers as quitting to reduce disease risk [6] . More compelling evidence on this issue could be used to quell smokers' fears and might actually be used to encourage more quit attempts.
QOL measures can be divided into instruments that focus on health-related outcomes and functionality (i.e., health-related QOL) and ones that also include dimensions in addition to health, e.g., social, recreational, affective/ mental health, and life circumstances (i.e., global QOL). Some cross-sectional studies have focused on the differences in health-related quality of life (HR-QOL) amongst smokers, never smokers, and former smokers. Such studies have shown that active smoking is associated with lower levels of self-reported functioning in all health-related domains as compared with never smokers [7] [8] [9] [10] . In fact, smoking has also been associated with decreased HR-QOL over and above other chronic or severe medical conditions [11] . Cross-sectional studies have also shown that HR-QOL ratings of ex-smokers more closely approximate never smokers than they do smokers, suggesting that quitting may improve HR-QOL [7, 9, 12] . However, only a few longitudinal studies have focused on the relation between cessation and changes in HR-QOL [13, 14] . For example, Sarna et al. [14] used data from women smokers who participated in the Nurses' Health Study [15] and tracked changes in HR-QOL over 8 years. In that research, continuing smokers reported lower physical and mental health status compared with never smokers and smokers who quit at some point during the 8 years of the study. While this study is consistent with the cross-sectional data, the generalizability and robustness of the findings are limited as it is restricted to women and does not have very close temporal resolution since assessments were at 4-year intervals and were not timed to quitting. Furthermore, the few extant longitudinal studies are not treatment studies; rather, smokers quit throughout the study (e.g., [13, 15] ). Thus, later differences between quitters and continuing smokers may strongly reflect differences that spurred quit attempts (e.g., illness concerns, dissatisfaction with smoking). In the current study, all participants were motivated to quit smoking and engaged in a quit attempt at the study's inception. This produces some consistency in the timing of the quit attempt and initial motivational status of the participants.
In sum, while studies have shown that physical health is an important element of QOL, it does not, by itself, accurately capture overall QOL [16, 17] , and even less is known about how smoking affects global QOL than HR-QOL. Cross-sectional studies show that smokers report significantly worse mental health functioning than either never smokers or former smokers [7, 8, 10] . In addition, retrospective data suggest that ex-smokers report being happier after quitting than they were while they were smoking [18] . These results support the hypothesis that quitting smoking may improve affect and life satisfaction. However, very few longitudinal studies have addressed changes in global QOL, and these have limitations such as poor temporal resolution, unusual populations of smokers, and quitting that may be highly driven by changes in disease status [13, 15] . Thus, there is considerable uncertainty as to how global QOL changes over the long term in successful quitters vs. those continuing smoking.
The strong beliefs smokers hold that quitting smoking will reduce quality of life (e.g., [5] ) constitute a significant barrier to cessation for some smokers. Knowledge regarding improved long-term satisfaction with life, and QOL after quitting smoking, could offer clinicians important information for intervening with smokers who are worried about the effects of quitting and could be used to motivate and educate smokers on a broader scale (e.g., via media resources).
The goal of the current research was to assess prospectively changes in global QOL and HR-QOL, along with other subjective well-being dimensions (e.g., [16] ), amongst smokers making a quit attempt as part of a clinical trial. This work was guided by the a priori expectations that successful smoking cessation would lead to both improved global QOL and improved HR-QOL. The current research examined the relations between successful vs. unsuccessful smoking cessation and a broad measure of life satisfaction (global QOL) that tapped individuals' evaluations of their satisfaction with respect to not only their health but also to their self-regard, philosophy of life, standard of living, work, recreation, learning, creativity, social service, civic action, love relationship, friendships, relationships with children, relatives, home, neighborhood, and community (i.e., the Quality of Life Inventory, QOLI) [19] . This broad assessment of QOL was supplemented by additional assessments of positive and negative affect, the occurrence of stressors, and marital/partner relationship satisfaction since affect, stress, and supportive interpersonal relations are so core to subjective well-being. Understanding relatively short-term (i.e., 1 year) and long-term (i.e., 3 years) changes in QOL measures may help clinicians motivate smokers to make quit attempts and help researchers to understand better the relations of smoking with other life factors.
Methods

Participants
Participants were 1,504 smokers (58% female, 83% Caucasian) initially enrolled in a long-term smoking cessation trial conducted in Madison and Milwaukee, WI [20] . Adult smokers were recruited via media advertisements and earned media (e.g., newspaper articles) from January 2005 to June 2007. The inclusion criteria included smoking more than nine cigarettes per day on average for at least the past 6 months, having an alveolar carbon monoxide level >9, and being motivated to quit smoking (scoring 7 or higher on a 10-point scale). The exclusion criteria included using any form of tobacco other than cigarettes, currently taking bupropion, or having a current psychosis or schizophrenia diagnosis. In addition, participants were excluded if they had medical contraindications for any of the study medications, including high alcohol consumption (six drinks per day on 6 or 7 days of the week), a history of seizure, high blood pressure (>160/100), bipolar disorder, an eating disorder, a recent cardiac event, or allergies to any of the medications. All participants provided written informed consent, and the study was approved by the University of Wisconsin Health Sciences Institutional Review Board (see [20] for additional details).
Procedures
Interested smokers phoned a central research office where they completed a telephone screen to determine eligibility. Participants who passed the telephone screen were invited to an informational session where they provided written informed consent. Next, participants completed three in-person baseline sessions where they underwent further screening and completed demographic, smoking history, tobacco dependence, and quality of life questionnaires.
Participants were randomized in a double-blind manner to one of six treatment conditions: (1) bupropion SR; (2) nicotine lozenge; (3) nicotine patch; (4) nicotine patch+ nicotine lozenge; (5) bupropion SR+nicotine lozenge; or (6) placebo. In addition to pharmacotherapy, all participants received six one-on-one counseling sessions based upon the Public Health Service Guideline [21] . Participants had study visits on their quit day and at 1, 2, 4, 8, and 52 weeks post-quit. At the 52-week study visits, vital signs, adverse events, and smoking status were all recorded and participants completed a similar battery of questionnaires to those administered at baseline, including quality of life assessments.
Measures
Demographics and Smoking
Baseline questionnaires assessed demographics, smoking history, and nicotine dependence. The demographics questionnaire tapped characteristics such as gender, race (smokers were asked which race they most strongly identified with), Hispanic ethnicity (i.e., reporting at least one parent of Hispanic origin), income, education level, and age. A smoking history questionnaire provided information about smoking behavior, smoking restrictions at home and work, self-efficacy to quit smoking, spouse smoking patterns, and motivation to quit smoking. Nicotine dependence questionnaires included the Fagerström Test of Nicotine Dependence [22] , the Nicotine Dependence Syndrome Scale [23] , the Tobacco Dependence Screener [24] , and the Wisconsin Inventory of Smoking Dependence Motives [25] .
Quality of Life Measures
All quality of life measures were administered at baseline, year 1, and year 3. Overall quality of life was measured using the QOLI [19] , which comprises 17 QOLI subscales: health, self-regard, philosophy of life, standard of living, work, recreation, learning, creativity, social service, civic action, love relationship, friendships, relationships with children, relationships with relatives, home, neighborhood, and community (see Table 1 for content of these subscales). We did not use the civic action item because of seeming irrelevance to quitting smoking. We used the QOLI health item as the HR-QOL assessment which asked individuals to rate a single statement ("Health is being physically fit, not sick and without pain or disability") on two dimensions: "How important is Health to your happiness?" and "How satisfied are you with your Health?" The QOLI has demonstrated good test-retest reliability and internal consistency ranging from 0.77 to 0.89 across three clinical and three non-clinical samples [19] . The QOLI is correlated with other measures of quality of life and life satisfaction (e.g., the Satisfaction with Life Scale) at levels ranging from 0.35 to 0.65 [19] , is related to psychiatric symptoms at about r=0.40-0.60 [19, 26] , and shows predictive validity with regard to later adjustment (e.g., academic retention and future grades in college students) [27] . QOLI total scores correlate positively with other measures of well-being and correlate negatively with general psychopathology, anxiety, and depression. We also assessed positive and negative affect in the last 24 h using the Positive and Negative Affect Scale [28] . Life stressors were assessed using the Social Readjustment Rating Scale [29] , a 34-item measure of stressful life events that typically entail adaptive or coping behavior. The stressful items endorsed were summed to create a total score indicative of the total number of stressors a person encountered in the prior year. Finally, participants who were married or living with a domestic partner were asked to complete the Kansas Marital Satisfaction Scale, a three-item scale that has been shown to be internally consistent and have adequate test-retest reliability and construct, concurrent, discriminative, and criterion validity [30] [31] [32] [33] . We also asked whether the participant's spouse/partner smoked and whether the spouse/partner supported the participant's efforts to quit smoking on a five-point Likert scale from 1=strongly agree to 5=strongly disagree.
Smoking Status
Smoking status was assessed using 7-day point prevalence abstinence ("Have you smoked at all, even a puff, in the last seven days?"). All of participants' self-reports of smoking status during study visits were confirmed by an expired carbon monoxide level of <10 ppm measured using a Micro-3 Smokerlyzer (Bedfont Scientific, USA, Williamsburg, VA). Quitters were defined as having carbon monoxide-confirmed 7-day point prevalence abstinence; all others were considered smokers. In-person smoking status assessments were conducted at baseline and years 1 and 3 post-quit.
Statistical Analyses
All analyses were conducted using SPSS 15.0 software (SPSS, Inc.). To address the issue of changes in QOL and its various components following a successful vs. unsuccessful quit attempt, we compared participants who were carbon monoxide-verified abstinent at years 1 and 3 postquit from those who were not. To assess change, we created a difference score (Year 1 or 3−Baseline) for each of the QOL subscales, which renders the directionality and magnitude of change patent. We then compared quitters and smokers using independent samples t tests and chisquare analyses as appropriate for the various QOL measures. It should be noted that we obtained a similar pattern of results when we analyzed the data using a repeated measures analysis of variance (ANOVA). A priori, we hypothesized that relative to continuing smokers, quitters would have better overall QOL, better HR-QOL, more positive affect, and less negative affect. Therefore, for these analyses, we used a p<0.05 two-tailed cutoff to indicate a significant finding. However, we set a more conservative Bonferroni-corrected alpha of ≤0.003 (the Bonferroni p value cutoff for 16 comparisons) for the exploratory analyses of the other specific 15 QOLI subscales and the other QOL measures such as stressors and relationship satisfaction. We used t tests to assess group differences in gender and race (white vs. non-white) and ANOVA to examine interactions amongst smoking status and gender, race, education, age, and nicotine dependence for the overall QOL and the HR-QOL analyses.
Results
Of the 1,504 participants who enrolled in this study, 1,025 provided QOL data at the 1-year follow-up (63.3% smoking) and 999 provided QOL data at the 3-year follow-up (64.1% smoking; see Table 2 for demographic and smoking data). Participants in this study were similar in gender, race, and marital status to daily smokers who participated in a population-based survey of smoking in Wisconsin [34] , although participants in the current study were somewhat more educated (70.8% with some college or technical school education vs. 44.0% in the population-based sample). All participants showed decreased global QOL over the 1-and 3-year follow-up endpoints. However, compared with smokers, quitters at year 1 and year 3 had smaller decreases in overall QOL from baseline to year 1 and from baseline to year 3 (p=0.045 and p=0.02, respectively; see Table 3 ), indicating a relative maintenance of QOL with the passage of time. It should be noted that smokers and quitters did not differ in change in global QOL at year 1 if HR-QOL was removed from the total score; however, at year 3, quitters showed a significantly smaller decrease in global QOL even with the HR-QOL removed relative to continuing smokers (p=0.04).
As hypothesized, at years 1 and 3, quitters reported higher levels of HR-QOL than they did at baseline, while smokers reported lower HR-QOL scores at years 1 and 3. Analyses showed significant differences between smokers and quitters in the degree of change in HR-QOL from baseline to years 1 and 3 (p = 0.005 and p = 0.002, respectively). There were no significant main effects of gender, race, age, education, or Fagerström Test of Nicotine Dependence total score, nor were there any significant interactions between smoking status and gender, race, age, education, or Fagerström Test of Nicotine Dependence total score for change in QOL-Total or HR-QOL at year 1 or at year 3.
Smokers and successful quitters also showed differences in degree of change for QOL subscales in addition to HR-QOL. For instance, relative to continuing smokers, at year 3, quitters showed smaller decreases in Self-Regard, Philosophy of Life, Standard of Living, Recreation, and Home (see Table 3 ). However, these comparisons were not significant when the Bonferroni-corrected p value of ≤0.003 was applied (only the difference in Philosophy of Life at Year 1 remained significant, p=0.002).
Significant differences between quitters and smokers were found in change in negative and positive affect from baseline to years 1 and 3 (see Table 4 ). Quitters at year 1, relative to smokers, reported a decrease in negative affect over the course of the follow-up year, while continuing smokers showed a slight increase. In addition, quitters showed stable positive affect over this time period, while continuing smokers showed declines. The effects for change in negative affect were similar at year 3, with quitters showing decreases and continuing smokers showing increases, but there was no significant difference in change in positive affect between smokers and quitters at year 3.
Chi-square analyses revealed no significant change from baseline to year 1 between smokers and quitters in overall stressors, as measured by the Social Readjustment Rating Scale total score (see Table 4 ). However, by year 3, there was a significant difference such that smokers reported an increase in stressor occurrence while quitters reported a decrease (see Table 4 ).
The final analyses addressed changes in relationship satisfaction amongst participants who were either married or living with a domestic partner. Of the 809 participants completed it at year 1, and 509 completed it at year 3. There were no significant differences in marital satisfaction between smokers and year 1 quitters at baseline (see Table 4 ). We conducted an analysis of variance to determine whether partner smoking status moderated the relation between marital satisfaction and smoking status, but we did not find any significant effects for baseline spouse/partner smoking, smoking status at year 1, or the interaction between baseline spouse/partner smoking and smoking status at year 1. The results were similar at year 3. We did find that spouse support of quitting increased more in smokers than quitters at both years 1 and 3 (see Table 4 ).
Discussion
This research provides substantial evidence that quitting smoking benefits subjective well-being relative to continuing smoking. As other researchers have reported (e.g., [14] ), health-related QOL improved following cessation, but decreased with continued smoking. The present study shows that this effect occurs relatively quickly as significant differences in the fates of quitters and continuing smokers are found within the first year after a quit attempt and are sustained for at least 3 years. The HR-QOL item asked individuals to rate a single statement about the importance of health to their happiness and how satisfied they were with their health. Therefore, the results showed that compared with continuing smokers, after 1 year, quitters were more satisfied with their health and saw a stronger healthhappiness link. However, because smokers were not assigned randomly to quitting vs. continuing smoking groups, causal inferences are uncertain. Because of the many physically harmful effects of smoking, it makes sense that quitting would enhance HR-QOL. The present study shows that cessation also benefits global or total QOL in addition to HR-QOL. While global QOL decreased significantly over the 3-year follow-up for both quitters and continuing smokers, consistent with previous research [14] , the decrease was less for quitters at both years 1 and 3. This suggests that continued smoking may accelerate a decline in QOL and that quitting mitigates this effect.
The different trajectories in global QOL appear to be due to the cumulative effects of modest changes in multiple QOL dimensions (Table 3) . Relative benefits of cessation occurred in many of the QOLI subscales, but the effects tended to be modest for each one, with effect sizes ranging from 0.25 downward. This is consistent with other findings showing that smoking cessation exerts reliable but modest effects on change in QOL [14] . It does appear that of the various QOL subscales, HR-QOL registered the biggest effects due to cessation vs. continued smoking. However, differences due to smoking status were found at year 3 in global QOL even when HR-QOL was removed from the total score, indicating that important changes, independent of health effects, are conferred by cessation.
The results also showed that over the 3-year study period, continuing smokers reported increased negative affect and decreased positive affect; conversely, successful quitters reported decreased negative affect and increased positive affect, although the year 3 positive affect findings did not reach statistical significance. Thus, while high levels of negative affect might constitute a barrier to quitting smoking (e.g., [35, 36] ), these findings suggest that long-term cessation actually benefits affect, supporting the idea that smoking may serve to exacerbate psychological distress [37] . The notion that quitting ameliorates negative affect is consistent with both cross-sectional [8, 10] and longitudinal data [38, 39] showing that smokers have worse affect or mental health QOL than ex-smokers. Moreover, a recent retrospective survey showed that the great majority of ex-smokers reported that they are "happier" as ex-smokers than they were as smokers [18] . An improvement in affect due to cessation may be related to a reduction in repeated withdrawal experiences that smokers go through daily, in between cigarettes (e.g., [35, 40] ), or perhaps due to a decrease in anxious arousal or restlessness that had been caused by the psychomotor stimulant effects of nicotine (cf. [37, 41] ). Such an improvement is also consistent with previous research that suggests that smoking, itself, is a stressor and that quitting smoking removes this stressor [42] [43] [44] [45] [46] . However, it is important to note that increases in negative affect and decreases in positive affect may be causes of relapse rather than, or in addition to, consequences of continued smoking.
There was no difference between quitters and continuing smokers in the number of stressors reported at year 1, but by year 3 a significant difference was found, with continuing smokers reporting an increase and quitters a decrease. Again, causal inferences are uncertain. It may be that individuals with fewer stressors are able to maintain abstinence for years following a quit attempt or it may be that sustained, long-term abstinence causes a reduction of stressors. The latter could occur for several reasons. For instance, the expense, time requirements, and health effects of smoking may increase the likelihood of stressor occurrence. Recurrent illness and frequent smoking breaks might interfere with a person's work or other performance, and the costs of smoking might increase vulnerability to economic challenges. In addition, the worsening negative affect of continuing smokers may make them more sensitive to, and aware of, stressors in their lives. Quitting smoking was not related to overall marital satisfaction regardless of whether or not the participant's spouse/partner was a smoker. This suggests that if a smoker quits but has a smoking spouse/partner, the cessation attempt does not damage the partner relationship. It was also interesting to note that participants reported an increase in spouse/partner support for quitting at years 1 and 3, and this increase was even larger for smokers. This difference may reflect, in part, that support for quitting is increasingly viewed as irrelevant when a spouse has achieved long-term abstinence.
These results should be interpreted in the context of the limitations of this research. First, participants were not randomly assigned to quit or continue smoking (quitters and non-quitters were self-selected), and therefore we are unable to make strong inferences about the directionality of causal effects. For instance, it is possible that some third variable promoted both quitting and later improvements in QOL, e.g., the belief that quitting smoking would benefit health did not arise from cessation per se but rather reflected other influences that motivated continued abstinence. Second, some of the reported effects depend upon only a small number of self-report items (e.g., HR-QOL), raising questions about the reliability of the reported effects and the extent to which the content domain was adequately sampled. Third, while the changes in total and HR-QOL were statistically significant, it is unclear what clinical benefit they might represent. However, it may be that the findings have clinical significance despite the modest effect sizes. Clearly, some smokers have concerns that their quality of life may deteriorate if they stop smoking [4, 5] . The results reported here suggest that smokers who quit successfully, long-term, experience no such deterioration due to quitting and, if anything, see reliable improvements. To that end, while QOL has intrinsic importance, it is not known what implications the reported QOL effects have for other important life outcomes and future adjustment.
In conclusion, this research suggests that in addition to improvements in objective, physiologic health indices such as HDL-cholesterol and endothelial function [47] [48] [49] [50] , over the 3 years after a quit attempt, successful quitters, in contrast to continuing smokers, reported better global quality of life, improved health-related quality of life, improved affect, and fewer stressors. These findings could be used to motivate quit attempts by individuals who are low in motivation to quit or who are daunted by concerns about what life will be like without cigarettes. Smokers might believe that quitting will decrease life satisfaction or quality of life-because they believe it disrupts routines, interferes with relationships, produces a loss of reinforcement (loss of smoking related pleasure), or because cessation deprives them of a coping strategy. The current findings suggest that over the long term, individuals will be happier and more satisfied with their lives if they quit smoking than if they do not.
